Purpose Patients with Common Variable Immunodeficiency (CVID) are subject to the development of a liver disease syndrome known as nodular regenerative hyperplasia (NRH). The purpose of this study was to define the characteristics and course of this complication of CVID. Methods CVID patients were evaluated by retrospective and prospective clinical course review. Liver biopsy specimens were evaluated for evidence of NRH and studied via RT-PCR for cytokine analysis. Results NRH in our CVID patient population occurred in approximately 5 % of the 261 patients in our total CVID study group, initially presenting in most cases with an elevated alkaline phosphatase level. While in some patients the disease remained static, in a larger proportion a more severe disease developed characterized by portal hypertension, the latter leading to hypersplenism with neutropenia and thrombocytopenia and, in some cases, to ascites. In addition, a substantial proportion of patients either developed or presented initially with an autoimmune hepatitis-like (AIH-like) liver disease that resulted in severe liver dysfunction and, in most cases to death due to infections. The liver histologic findings in these AIH-like patients were characterized by underlying NRH pattern with superimposed interface hepatitis, lymphocytic infiltration and fibrosis. Immunologic studies of biopsies of NRH patients demonstrated the presence of infiltrating T cells Electronic supplementary material The online version of this article
Introduction
Common variable immunodeficiency (CVID) is the most clinically significant of the genetically-related immunodeficiencies because of its relatively high prevalence rate of 1 in 25,000 individuals and its potential to result in recurrent infection [1] . The main immunological feature of CVID is impaired B cell function and hypogammaglobulinemia, but many patients have demonstrable T cell or even antigenpresenting cell abnormalities as well [2] [3] [4] [5] [6] . In untreated patients these abnormalities result in recurrent sinopulmonary bacterial infections, including acute pneumonias and chronic bronchiectasis leading ultimately to chronic pulmonary insufficiency. However, with the advent of immunoglobulin replacement therapy (either IV or subcutaneous), this problem has been minimized and the majority of treated patients are relatively free of pulmonary infection, although increased risk of the latter continues to persist [7] .
From the time CVID was first described it was recognized that some patients exhibited autoimmune manifestations and in recent years these have become more prominent, possibly because patients are now free of chronic infection and are living longer. These take the form of immune cytopenias and gastrointestinal malabsorption syndromes [1] [2] [3] [8] [9] [10] . In addition, a subset of CVID patients can develop a form of liver disease known as nodular regenerative hyperplasia (NRH), which may also have an autoimmune basis [11, 12] .
NRH is an abnormality observed in a variety of hepatic diseases and is thought to result, at least in part, from an intra-hepatic vasculopathy common to these diseases. The vasculopathy is characterized by alterations in microvascular perfusion that leads on the one hand to hepatocyte injury and, on the other to hepatocyte regeneration. The latter results in the formation of characteristic nodules, which compress surrounding hepatic parenchyma as well as the portal and central veins and thus have the potential to cause portal hypertension, esophageal varices and splenomegaly [13, 14] . NRH is similar to cirrhosis in that both exhibit macroscopic multi-nodularity; however, NRH lacks the perinodular fibrosis and intrahepatic vascular shunts occurring in cirrhosis.
In this study we report on 14 patients with CVID and NRH who are part of a large cohort of CVID patients currently being followed at the National Institutes of Health. Clinical and pathologic studies revealed that CVID patients with NRH in this CVID study group frequently exhibit a disease course characterized by severe portal hypertension and splenic abnormalities leading to neutropenia and thrombocytopenia. In addition, in some cases the presence of NRH is accompanied by the presence of autoimmune hepatitis-like pathologic changes that are associated with severe, life-threatening illness.
Methods

Patients
The study included 14 patients with CVID who were part of an IRB-approved natural history study sponsored by the National Institute of Allergy and Infectious Diseases entitled: "Studies of Immune Regulation in Patients with Common Variable Immunodeficiency and Related Humoral Immunodeficiency Syndromes." This study evaluated all clinical and laboratory data obtained from these 14 patients as well as all other CVID patients that were part of this protocol. Patients with CVID were enrolled regardless of severity of disease. Resultant data were recorded and reviewed during periods of continuous follow up ranging from 1 to 22 years.
RT-PCR and Real-Time PCR Total RNA was extracted from liver biopsy tissue and cDNA was synthesized by reverse transcription using commercially available kits (Applied Biosystems) according to manufacturer's instructions. Cytokine RT-PCR was performed with TaqMan gene expression assays as well as genespecific primer and probe settings; data shown are respective gene expression relative to GAPDH via 2 -Δct method [15] . Equal loading was confirmed by simultaneous HPRT amplification.
Extraction of RNA from Liver Tissue Slides
In some cases DNA was extracted from formalin-fixed, paraffin-embedded liver tissue slides by a guanidine thiocyanate/CsCl isolation method as previously described [16, 17] Immunohistochemical Studies Available tissue was stained with a panel of four labeled antibodies enabling identification of various cell types. Four micron-thick sections of unstained tissue initially fixed in 10 % buffered formalin and embedded in paraffin were deparaffinized by passage through various grades of alcohol and then washed in water. Antigen "retrieval" was then performed by incubating the tissue in citrate buffer (pH 6.0) at boiling temperature for 20 min inside a microwave pressure cooker. For detection of CD20 (with Clone L26, Dako#M0755 (CD20cy), 1:1000 dilution) and CD3 (with Clone F7.2.38, Dako#M7254 (CD3e), 1:100 dilution), tissues were stained on a Dako Autostainer with 20 min of incubation and then developed using the Dako EnVision+ HRP detection system. For detection of CD4 (with Clone 1F6, Novocastra NCL-CD4-1F6, 1:40 dilution) and CD8 (with Clone 144B, Dako#M7103, 1:50 dilution), tissues were stained on a Ventana Benchmark XT with 20 min of incubation and then developed using the Ultraview DAB detection system.
Results
The general characteristics of the cohort of 14 patients with CVID and NRH followed at the NIH are shown in Table I . The cohort was comprised of 10 males and 4 females having an average age of 42 yrs. and an average age of CVID onset of 29.5 yrs. In each case the diagnosis of CVID was based the European Society for Immunodeficiences/Pan-American group criteria [18] . Accordingly, all patients at the time of diagnosis demonstrated a marked decrease of IgG of at least 2 standard deviations below the normal mean and a similar decrease of IgM and/or IgA. The CVID patients with NRH were identified in each case by liver biopsy performed after evidence of liver disease had appeared (see below); this subgroup of CVID patients constituted 5.0 % of all CVID patients seen at NIH over the time range of observation.
The mean IgG level in the subject group did not differ from the mean level in patients with CVID without liver abnormalities (data not shown). The patients' mean IgG trough level after stable IVIG supplementation was 899 +/− 103 mg/dl, again not different than patients with CVID without liver abnormalities. As noted in Table I , CVID patients with liver abnormalities sometimes exhibited any of a variety of autoimmune-like manifestations, including ITP, autoimmune hemolytic anemia, gastrointestinal enteropathy, vasculitis, arthropathy, psoriasis, and scleroderma-like skin disease.
Patient Laboratory Values
Analysis of laboratory values of the CVID patients with NRH followed at (or referred to) the NIH over a period of 1 to 22 years, revealed that the first abnormal liver values to appear were elevations in alkaline phosphatase and ALT/AST levels. An increased alkaline phosphatase level, the liver parameter exhibiting the most prominent change, were first observed in this group at a mean of 7.8 +/− 2.8 years after the time of initial CVID diagnosis (range 2 to 19 yrs.) and, as shown in Table II , consisted in most patients of a mean increase of up to 2 fold above the upper limit of normal baseline alkaline phosphatase (range 74-712 U/L vs. normal baseline 37-116 U/L). While in some patients the values plateaued at these levels, in others (patients 2,4,6,10,12) they underwent a further increase so that at the time of liver biopsy they had reached a mean level that was 3-fold above the upper limit of normal baseline levels (mean 383 +/− 119 U/L; range 72-1860 U/L) before stabilizing. The mean time to liver biopsy after diagnosis of CVID was 10.3 +/− 1.8 years.
As also shown in Table II , increases in ALT/AST levels occurred over the same time period as that of the increases in alkaline phosphatase levels but were much milder, consisting of a 2-3 fold increase over baseline values. In some contrast, elevations of total bilirubin and changes in albumin levels and prothrombin time did not occur until approximately 1.5 -2.5 years after the onset of the rise in alkaline phosphatase levels. Parenthetically, these data indicate that in NRH occurring in CVID patients, abnormalities of liver synthetic function do eventually occur and thus NRH in CVID may differ from NRH in other disease states where synthetic liver function abnormalities have not been reported [14] .
As also shown in Table II , the CVID patients with NRH frequently exhibited decreases in WBC and platelet counts that made their appearance about 1.5 years after elevations in liver-associated enzymes were observed. Thus, at the time of initial liver biopsy, the mean WBC count was 5.1 k/uL with a range of 1.5 to 14.9 and mean platelet count was 132,900 with a range of 58,000 to 329,000. It should be noted, however, that at that time liver biopsy two of the patients were receiving G-CSF in order to support their WBC counts and the patient with the highest WBC count had a prior history of CMV infection. Importantly, WBC and platelet counts in some patients continued to decline (patients 1,3,5,6,10,11 and 14) and this led to an increase incidence of serious infectious episodes that consisted of pneumonias and bacteremias. The most common bacterial isolates were Streptococcus pneumonia, Staphylococcal aureus, Hemophilis influenza and Klebsiella pneumoniae.
With the onset of liver function abnormalities, the patients with NRH were subjected to serologic studies to determine the presence of hepatitis-associated antibodies and antigens as well as autoimmune antibodies. Most importantly, HBV and HCV PCR assays revealed that the patients were uniformly negative for the presence of hepatitis B antigens in the liver or negative for hepatitis B or hepatitis C in the peripheral blood. In addition, as expected for patients with CVID and defects in Ig synthesis, no patient displayed antibodies for other liverassociated autoimmune antibodies (i.e., ANA, anti-smooth muscle, anti-liver-kidney microsomal, cryoglobulin, or Sjög-ren's-syndrome associated SS-A and SS-B antibodies).
In addition to searches for the presence of viruses specifically associated with hepatitis, all patients were tested and found negative for the presence of EBV antigen as well as routine bacterial and fungal pathogens. One patient with a moderate degree of NRH had a prior history of cervical/axillary adenopathy that tested positive for CMV antigen; however, subsequent examination of his blood for several years after treatment and prior to the onset of the NRH was repeatedly negative for CMV by PCR despite the persistence of the adenopathy.
Liver Biopsy Findings
All CVID patients with NRH underwent liver biopsy to define the nature of their liver injury. In 10 out of the 14 patients the biopsy was performed by trans-jugular insertion in lieu of standard liver percutaneous needle biopsy because the latter was precluded by the presence of platelet count abnormalities. Such trans-jugular biopsies were usually accompanied by measurement of hepatic venous pressure gradient and, in some instances, pulmonary artery pressure as well.
As shown in Fig. 1a , all liver biopsies of the CVID patients with NRH revealed the presence of nodular regeneration (best observed in reticulin stained-tissue) that was typically evident as nodular areas of enlarged hepatocytes organized into two-cell thick plates alternating with compressed liver cell plates. This was accompanied in three patients (patients 2, 4, 7) by peri-sinusoidal fibrosis in the compressed zones (Fig. 1b) . Although usually rare in NRH, these three biopsies also exhibited spotty lobular inflammatory foci, which varied from rare to numerous in the different cases (Fig. 1c) . These inflammatory foci consisted predominantly of lymphocytes, although rare microgranulomas were also noted in two patients. In six NRH patients, mild to moderate focal portal inflammatory infiltrates were observed in addition to lobular infiltrates noted above, leading to a diagnosis of interface hepatitis (patients 3, 5, 8, 9, 11, 13). However, this was not associated with piecemeal necrosis except in one patient in which extensive portal fibrosis that led to bridging of portal and central areas was also observed (Fig. 1d) . A milder level of portal fibrosis than the one just mentioned was observed in three other patients in this group. All iron and copper staining for evidence of cholestasis were negative except for one patient; which revealed minimal staining.
In a final group of four patients, those who were considered to have an autoimmune hepatitis (AIH)-like liver disease, the pathologic features of NRH noted above were associated with: 1) a level of portal inflammatory infiltration sufficient to justify a diagnosis of interface hepatitis and associated bridging necrosis (Fig. 2a) (patients 1, 6 , 12, 14); and 2) prominent bridging periportal and perisinusoidal fibrosis, seemingly an exaggeration of the milder degrees of perisinusoidal fibrosis seen in NRH rather than the thick bands of fibrosis seen in chronic viral hepatitis or that of typical AIH (Fig. 2b) . In addition, the liver pathology in these patients was marked by the presence of pseudoxanthomatous changes in the hepatocytes at the edges of the portal areas; this, plus positive copper staining in most of the patients (three patients), suggested the presence of a chronic cholestatic component to the hepatitis (Fig. 2c) although no duct lesions were seen and the number of ducts appeared to be normal. Finally, as shown in Figs. 3a-d and reviewed in Supplemental Table 1 , the AIH-like liver disease in CVID was pathologically distinct from "classical" AIH not associated with CVID: in the AIH-like disease tissue the inflammatory infiltrates, interface hepatitis and piecemeal necrosis were superimposed on a nodular hepatic parenchymal pattern indicative of NRH whereas in "classical" AIH (studied at NIH or reported in the literature) there was no evidence of an underlying nodular hepatic parenchymal pattern; this difference strongly suggests that the AIH-like disease in CVID is a unique form of AIH that is related to NRH.
In another of the NRH patients with CVID (patient 10, not included in the patients described above) evidence was obtained via 7 serial liver biopsies over a span of 6 years that mild NRH could evolve into a severe AIH-like liver disease. The early biopsies from this patient exhibited NRH with the mild degree of inflammation and perisinusoidal fibrosis described above in other patients with NRH. In subsequent biopsies, however, the hepatic architecture was significantly distorted by extensive bridging fibrosis and focal regenerative nodular formation (Fig. 4a) . In addition, these later biopsies showed inflammation similar to the four cases with marked inter-face hepatitis on their initial biopsies. This included lymphoid aggregates (free of plasma cells) in the portal areas as well as around the central veins (Fig. 4b) and, in addition, changes consistent with chronic cholestasis in the periportal and periseptal hepatocytes. In the final biopsy these findings were accompanied by a level of fibrosis and nodularity more usually seen in cirrhosis as well as the presence of a liver mass resulting from a B cell lymphoma (Fig. 4c) positive for CD20, Bcl-6 and MUM-1 (Fig. 4d) .
Hepatocellular carcinoma but not B cell lymphoma has been observed previously in the context of NRH [19] although the latter type of tumor is a known complication of CVID [2, 3] .
Portal and Pulmonary Pressure Measurements, CT/MRI Scans and Endoscopy
Ten of the NRH patients underwent trans-jugular liver biopsy and in nine of these patients this was accompanied by measurement of portal pressures. As shown in supplemental Table 2 , these nine patients had elevated hepatic venous pressure gradients (HVPG) consistent with portal hypertension (range 7 to 17 mmHg; upper limit of normal: 5 mm Hg). In one patient (patient 1) with NRH/AIH features a pulmonary arterial systolic pressure of 62 mm/Hg and a pulmonary artery mean pressure of 43 was obtained, indicative of the presence of pulmonary hypertension.
As shown in Fig. 5 , results of CT/MRI scans obtained at the time of pressure measurements revealed portal vein dilatation and collateral vessel formation in seven patients, findings consistent with the above increased portal pressure values. As also shown in Fig. 5 , the presence of portal hypertension was associated with the presence of splenomegaly in 11 of 14 patients; in addition, hepatomegaly, a finding not normally associated with NRH, was noted in four of these 11 patients. All patients underwent upper endoscopy to determine the presence of esophageal varices and, indeed, seven patients with portal hypertension exhibited evidence of grade 1-2 varices. One patient (patient 10), underwent a splenectomy due to lymphomatous infiltrates; however, this did not alter his laboratory parameters or clinical course.
Clinical Course and Treatment
The patients with CVID and NRH can be divided into three clinical groups: Category I patients with non-progressive NRH; Category II patients with NRH that progressed to portal hypertension and splenomegaly; and Category III patients with an NRH/AIH-like syndrome. The clinical course of patients in category I (three of the 14 patients under study), was marked by the onset of liver function abnormalities that either remained static or increased slowly to levels not causing clinical liver disease; these patients did not require specific therapy. On the other hand, the clinical course of patients in category II (six of the 14 patients under study), was associated by slowly developing but progressive disease in which initial elevations in alkaline phosphatase levels was followed after by frank liver disease associated with the presence of disturbances in portal blood flow and hematologic changes (WBC and platelet count); these patients developed significant liver disease that ultimately required treatment. Finally, the clinical course of the patients in category III with both NRH and AIH-like disease evolved even more rapidly than those in category II in that the first appearance of liver abnormalities was followed within a short period of time (1-2 years) by liver disease characterized by significant hepatic dysfunction (changes in PT/PTT and synthetic protein formation), portal hypertension ascites and jaundice.
The most notable feature of the clinical course of NRH patients in category II was the development of significant portal hypertension associated with low WBC and platelet levels, the latter attributable to the development of splenomegaly (hypersplenism) (see Table II and supplemental   Table 2 ). As previously mentioned, these patients were subject to increased infections despite IVIG therapy presumably due to the presence of neutropenia. Four of these patients were treated with G-CSF to ameliorate the neutropenia (as well as accompanying low platelet levels) which led to partial reversal of these abnormalities as well as lower susceptibility to infecton. Two other patients with portal hypertension developed severe and persistent ascites (patients 3 and 11) as well as neutropenia. In these cases surgical treatment consisting of either TIPS placement or a spleno-renal shunt procedure was necessary to control ascites as well as to obtain increased WBC and platelet counts and cessation of serious infection. Finally, a third patient (patient 5) has been identified as a possible candidate for a shunt placement because of the development of portal hypertension associated with significant varices (esophageal, umbilical, splenic hilum), and changes in white blood cell and platelet counts.
In the patients in category 3 with AIH-like disease (patients 1, 6, 10, 12 and 14) the effects of severe hepatitis on hepatic excretory and synthetic function was superimposed on the effects of portal hypertension and hypersplenism and the severe hepatitis was the main focus of therapy. Consequently, two of these patients (patients 1 and 6) were administered a modified standard immunosuppressive regimen (prednisone and immuran) for AIH despite the increased risk for infection of such therapy in a patient with CVID. In addition, patient one was administered sildenafil for treatment of pulmonary hypertension. This led to a decrease in portal pressure in both patients (and in patient one, to decreased pulmonary pressure as well); however, it had only a mild effect on the cytopenias and these patients died of progressive liver disease and associated systemic infection. Similarly, one patient (patient 14) died of a systemic bacteremia prior to the start of any therapy. The lack of success obtained in treating patients with AIH-like disease with immunosuppressives suggests that these patients may have arrived at a stage of liver disease that was refractory to treatment by the time such treatment was begun. This is exemplified by one of the five patients in this disease category, a young patient (patient 12) who has had liver disease that has been successfully controlled with steroids and an anti-metabolite (6-mercaptopurine) treatment. Whether earlier identification and treatment offers any hope of controlling this severe form of NRH/AIH and correcting this fatal outcome remains to be seen.
Immunologic Studies of NRH
To obtain insight into the cause of NRH patient liver tissue was subjected to immune cell-specific immunohistochemical and cytokine-specific RT-PCR studies.
Histochemical Tissue Staining and RT-PCR Analysis of Cytokine Production
Basic immunohistochemical phenotyping was performed on tissue sections using labeled antibodies against CD20, CD3, CD4 and CD8. In all patients very few B cells were identified, even in the patients with severe hepatitis, despite the presence of a normal number of peripheral blood CD19 and CD20 B cells (data not shown), and the few cells that were identified were mainly found in the portal areas. Similar findings concerning T cell lymphocyte infiltration were seen in most of the mild to moderate CVID NRH biopsies. In these cases, the vast majority of the cells in the infiltrate were CD3 + T cells that co-expressed CD8 and were found in both the parenchyma and portal areas (Fig. 6a and b) . Lightly-stained CD4 + cells indicative of activated macrophages (Kupffer cells) were also present, predominately in the parenchyma areas (Fig. 6c ). An exception to the above findings occurred in the one patient noted to have a B cell lymphoma who exhibited a predominance of CD4 + T cell infiltrate admixed with a smaller number of CD8 + cells and numerous CD4 + macrophages (see Fig. 6d ). RT-PCR analysis for quantitation of cytokine production in liver tissue was conducted in liver biopsy samples obtained from 6 of the patients undergoing trans-jugular liver biopsies as well as 5 normal control individuals who had consented to performance of tissue biopsies. As shown in Fig. 7a and b, five of the six patients with NRH exhibited greatly increased production of IFN-γ mRNA compared to controls which in some cases were increased 100-fold. As might be expected, these increases were most prominent in the patients with the most severe NRH (patient 1,3,10, 13,  14) . In contrast, only minimal increases in IL-17 mRNA were observed in the CVID patients as compared to the controls. As shown in Fig. 7c and d , in most patients these cytokine abnormalities were not associated with significant increases in IL-12p40 or IL-23p19 mRNA production. The exception, to this rule was again the one patient who developed severe NRH and B cell lymphoma who did manifest a marked increase in IL-23 p19 (as well as IFN-γ) in liver tissue obtained at the time of initial NRH diagnosis (when his liver disease was still relatively mild).
Discussion
In prior studies liver pathology has been observed with hypogammaglobulinemia although predominately associated with granulomatous infiltrative disease or viral etiology [2, [20] [21] [22] . In some contrast to these studies in which few if any cases of NRH were found in patients with CVID, in a recent study of CVID and other B cell immunodeficiencies conducted by Malamut et. al. [11] , 51 patients with chronic liver abnormalities were identified and 50 % of the patients studied had documented portal hypertension, a manifestation of NRH; this, plus liver biopsy studies led the authors to conclude that NRH lesion was the most common liver abnormality in CVID [11] . However, while this study established that NRH is more common in CVID than previously thought, it did not provide a clear picture of incidence since the size of the total pool of immunodeficiency patients from which the patients with liver disease were drawn was not defined. Perhaps a clearer picture of the incidence of NRH in CVID comes from a recent study by Ward et. al. [12] as well as the present study wherein the incidence of NRH was found to be 12 % of 108 CVID patients and 5 % of 261 patients respectively. However, these percentages could be higher than that seen at other centers because they are both derived from studies of patient cohorts seen in referral centers that may treat more severely ill patients.
The major finding in the present study is that while a minority of the CVID patients with NRH in this study group (the three patients gathered in Category I above) had a static disease that did not result in clinically significant liver abnormalities, the majority of the patients (the eleven patients gathered in Categories II and III) develop a liver disease that posed a major health risk to the patient such as severe portal hypertension and its consequences or the latter associated with an autoimmune hepatitislike disease. This more serious manifestation of NRH in CVID is perhaps predicted by the prior study by Malamut et al. [11] wherein, as noted above, portal hypertension was documented in 50 % of patients; however, in this prior study the course of the NRH patients and therefore the clinical significance of this CVID complication was not described. A contrasting pattern of NRH, however, was obtained in another study of NRH in patients with CVID was reported by Ward et al. [12] . In this case, while portal hypertension identified by clinical criteria was observed in some patients, the course of NRH was characterized as benign. The reason the findings in this study differ so dramatically from those of the present study is unclear. However, it is possible that in the Ward et al. study, patients were not followed for a sufficient length of time to identify more severe NRH complications.
As alluded to above, one cause of morbidity in patients with CVID with NRH could be traced to the development of a liver disease marked by the presence of severe portal hypertension that resulted in splenomegaly and, in a subgroup of patients, in severe ascites as well. In these patients (designated here as Category II patients) the splenomegaly was associated with the development of hypersplenism and the occurrence of neutropenia and thrombocytopenia, the latter directly attributable to the portal vascular obstruction by the fact that distal portal shunting in at least two of the patients led to improved neutrophil and platelet levels. These cytopenias were a particularly serious complication of NRH in CVID patients because it further undermined the CVID patient's ability to deal with infection. It was treated by administration of G-CSF in some cases or, in several of the patients manifesting severe ascites, with measures to relieve the underlying portal hypertension, a TIPS placement or a spleno-renal shunt procedure. It was not felt to be amenable to treatment by simple splenectomy because it is likely that the spleen in NRH is acting as a vascular sink that relieves pressure in the portal system.
Another cause of morbidity in CVID patients with NRH (occurring in patients designated here as Category III patients) was due to a liver disease in which the portal hypertension noted in Category II patients was present, but was in this case over-shadowed by an inflammatory liver disease best described as an autoimmune hepatitis (AIH)-like disease. It seems likely that this liver abnormality represents a severe stage of NRH since examination of liver biopsy tissue that had AIH-like inflammatory features were superimposed on an underlying nodular hepatic parenchymal pattern indicative of NRH. It thus differed from "classical" AIH where no underlying nodular hepatic parenchymal was present. Additional evidence that NRH can evolve into a dominating AIH-like pattern over time was obtained in one of our five Category III patients in whom serial biopsies revealed gradual development of an AIH picture in a liver originally exhibiting uncomplicated NRH; the other patients came to our attention with the full-blown AIH picture already present but did have documented antecedent history of mild liver disease changes suggestive of NRH. Thus, while NRH in CVID may gradually evolve into an AIH-like disease, the latter is more likely to present de novo as a severe liver disease.
Category III NRH patients with AIH-like liver disease may require early and aggressive treatment, the latter frequently involving agents (i.e., steroids and imuran (or other antimetabolites)) that put these already immunodeficient patients at further risk for severe infection. Indeed, the two patients with AIH-like disease studied here were administered such treatment both died of progressive liver compromise and an associated infectious episode while a third patient died of a septic episode prior to any treatment; only a pediatric patient treated early in the course of his liver disease is currently alive and stable.
Previous studies of NRH in a variety of conditions not involving CVID suggest that the underlying pathology can result from either a vasculopathy that secondarily affects hepatic architecture or a hepatocyte abnormality that secondarily results in vascular ischemia [23] . Relevant data that supports this comes from a previous study of NRH in a group of patients with a variety of autoimmune, neoplastic disease and idiopathic NRH (not including patients with CVID). In this study, it was found that in about a third of patients with NRH, liver sinusoids adjacent to areas of atrophic hepatocytes contained CD8 + T cells [24] . In addition, there was evidence that these T cells were cytotoxic T cells in that the cells were granzyme B + and were found in area of apoptotic endothelial cells lining the sinusoids. Finally, analysis of liver T cell TCR clonality revealed liver-specific clonality or oligoclonality suggesting that the sinusoidal T cells were composed of cells specifically targeting sinusoidal endothelial cells. That a similar process is at play in NRH associated with CVID comes from a study of CVID and NRH already cited by Malamut et al. in which it was shown that the livers of the great majority of CVID patients with NRH did in fact exhibit a predominantly CD8 + T cell infiltrate in the sinusoids coinciding with areas of sinusoid dilatation [11] . In addition, portal vein endotheliitis was noted in about 50 % of patients [11] . The present study offers further data relating to immunologic factors in the NRH in CVID in that we found that most of the patients studied exhibited a parenchyma CD8 + T cell infiltrate. This cellular infiltrate was the likely source of an accompanying increase in liver IFN-γ production, the magnitude of which correlating roughly with disease severity. Taken together, these studies suggest that NRH occurring in CVID is initiated by a destructive autoimmune process usually mediated by CD8 + cells that leads first to hepatocyte loss and then to a regenerative process that results in vascular abnormalities and portal hypertension.
Conclusion
NRH occurring in CVID is a not infrequent complication of this immunodeficiency, which in all likelihood has an autoimmune basis. The striking new finding to arise from this study of patients with NRH is that the latter can be a severe liver disease leading either to portal hypertension and its various sequelae or to portal hypertension complicated by an inflammation with autoimmune hepatitis-like liver pathology. Thus, NRH is a potential cause of severe liver function abnormalities and disease increased risk of infection.
